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Abstract 
In the yeast Saccharomyces cerevisiae, m6A methylation regulates the stability and 
translation of mRNA. Ime4, which is highly active in meiotic cells, recognizes consensus methyl 
sites in pre-mRNA and adds methyl groups to a small fraction of adenosine residues, whereas 
Pho92 binds to such methylated sites and promotes subsequent degradation. PHO5 transcripts 
expression is upregulated when IME4 and PHO92 are deleted. In the PHO5 transcript, near the 
stop codon of the open reading frame (ORF), there is a potential consensus methyl site that is 
predicted to be methylated, based on its location and excellent match to the consensus methylation 
sequence (Schwartz et al. 2013). We believe that this 3’ region, containing potential methyl site, 
may be involved in the transcript regulation. We tested this hypothesis by examining the change 
in expression of GFP-Pho5 fusion proteins under the control of ADH1 promoter. These 
experiments were done using Δime4, Δpho92 and Δime4 Δpho92 deletions in haploid and 
vegetative growing Saccharomyces cerevisiae.  Although the results of these experiments were 
inconclusive for Ime4, we confirmed that Pho92 cannot act solely on the 3’ region; it needs the 
PHO5 ORF to promote its activity. We suggest that Pho92 promotes PHO5 transcript degradation 
by an alternative pathway, which is not dependent on methylation of the target transcript.    
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Introduction 
The central dogma in biology states that genetic information flows from DNA to 
mRNA, and then from mRNA to protein. These two processes take place in different 
compartments of a eukaryotic cell: the first inside the nucleus and the latter in the cytoplasm. 
Since DNA itself cannot go outside the nucleus, mRNA plays an important role as a link when 
passing genetic information from DNA to protein. In between these processes of transcription 
and translation, the initial RNA transcript must undergo numerous modifications. The pre-
mRNA is 5’ capped with 7-methylguanosine, 3’ polyadenylated, and spliced to produce a 
mature mRNA. Along with these modifications, mRNAs are also known to be methylated at 
adenosine by methyltransferase proteins to produce N6-methyladenosine(m6A) (Figure 1). 
m6A modifications also exist in rRNAs, small nuclear RNAs, transfer RNAs and DNAs (Yue 
et al. 2105; van Steensel 2000). 
 
 
 
 
 
 
Figure 1: Structure of N6-methyladenosine (m6A) 
One of the most common forms of nucleotide modification, N6- methyladenosine 
(m6A), refers to the methylation of Nitrogen at position six of adenine. Although known to 
present in prokaryotic genome for many years, m6A modification in eukaryotic mRNAs was 
only discovered in 1970s (Desrosiers et al. 1974; Furuichi et al. 1975). mRNA methylation is 
present in almost all eukaryotic organisms, including the yeast Saccharomyces cerevisiae, 
Drosophila, mammals and Arabidopsis thaliana. Such modifications are prevalent in about 
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half of the transcripts produced in meiotic yeast cells(Bodi et al. 2010; Kang et al. 2104). 
However, these m6A markers are not equally distributed; they are prevalent mostly in 3’UTR, 
near stop codons, in long internal exons (Yue et al. 2015) and in mammalian 5’ UTRs 
(Dominissini et al. 2012). 
In general, in eukaryotic mRNAs, methylation is achieved by the transfer of methyl 
group from S-adenosylmethionine (SAM, AdoMet) to the adenosine base using 
methyltransferase enzymes (Wertheimer et al. 1980; Ping et al. 2014), also called “writers”.  In 
mammals, the “writers” include Mettl3 and Mettl14, which act together with WTAP (Liu et al. 
2014; Ping et al. 2014) as a methyltransferase complex to recognize the methylation consensus 
sequence RRm6ACH([G/A/U][G>A)m6AC[U>A>C] (Narayan et al. 1994) and catalytically 
methylate the mRNA. In yeast, the methyltransferase complex consists of Ime4, Mum2, Slz1 
(Agarwala et al. 2012) and Kar4 (M. Rose, personal communication). The yeast consensus 
motif is similar to that of mammals (-RGAC (R=A/G)); in addition, methylated sites are present 
mostly towards the 3’ ends of mRNAs (Schwartz et al. 2013). Unlike mammals, yeast m6A 
methylation occurs mostly during meiotic development and after prolonged rapamycin 
treatment rather than during mitotic divisions (Clancy et al. 2002; Bodi et al. 2010; Bodi et al. 
2105; Agarwala et al. 2012). 
In recent years, FTO was identified as a demethylase that converts m6A to adenosine 
in mRNA (Jia et al. 2011). Such proteins are also called “erasers”. After this discovery, m6A 
modification has been thought of as a dynamic process, unlike a previously assumed static 
process. Unfortunately, no such proteins have been found in yeasts. There is still much to be 
known about the mechanism of this enzyme.  
The methylated mRNAs are bound by other proteins called “readers”, that may regulate 
mRNA storage, translation or decay. RNA binding proteins of YTH domain-containing family 
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(Wang et al. 2014a) are readers known to promote mRNA decay; it has more specificity to 
GG(m6A)C motifs (Xu et al. 2014b). Sachharomyces cerevisiae contains only one YTH 
domain-containing protein called Mrb-1(methylated RNA-binding 1) or Pho92 that plays a role 
as a reader (Schwartz et al. 2013; Kang et al. 2014). 
m6A modifications play many important roles in mRNA metabolism. While m6A 
methyltransferases and demethylases dynamically control the methylation distribution in the 
nucleus, the m6A readers bind to the marked RNAs and may help the pre-mRNAs in alternative 
splicing and maturation (Yue et al. 2015). After that, the matured mRNAs are exported to the 
cytoplasm, where the readers can affect the translational efficiency of the mRNA or its storage 
and decay (Yue et al. 2015). Ythdf2 (a YTH protein) is shown to promote an mRNA decay 
pathway by binding to the consensus site with subsequent delivery of the mRNA to P bodies 
(Wang et al. 2014a). In addition, m6A  also act as a switch for RNA binding proteins (RBPs) 
by remodeling the secondary structure of mRNA (Liu et al. 2015). Although many consensus 
methyl sites are present on typical pre-mRNA, only few of the potential sites are methylated. 
It is still unknown how such sites are chosen; further research needs to be done to elucidate the 
mechanisms of m6A methylation. 
In Saccharomyces cerevisiae, Ime4, Mum2, Kar4 and Slz1 are the proteins in 
methyltransferase complexes (Agarwala et al. 2012. The mammalian orthologous genes are 
METTL3(for IME4), METTL14(KAR4) and WTAP(MUM2). However, the yeast proteins are 
primarily expressed during meiosis, whereas mammalian orthologous proteins appear to be 
expressed ubiquitously.  Deletion of IME4 does not produce any lethal effects, but slows 
meiosis and hinders sporulation (Shah and Clancy 1992; Hongay et al.2006; Agarwala et al. 
2012), preventing it completely in some strains (Clancy et al. 2002). Pho92 (involved in 
phosphate metabolism) is the only known S. cerevisiae protein with a YTH domain. After its 
recognition as a m6A-binding protein(Mrb1) (Schwartz et al. 2013), Pho92 has been associated 
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with degradation of PHO4 transcripts in haploid vegetative cells (Kang et al. 2104). However, 
PHO4 mRNA does not have any consensus methyl sites (Schwartz et al. 2013), or by our 
experiments of the 3’ region of this gene. This raises a question on how Pho92 is promoting 
PHO4 degradation. 
 
m6A modification in PHO5 
PHO5(YBRO39C) is a gene induced in phosphate starvation. It contains consensus 
methylation sites (Appendix 1) in its ORF and 3’UTR, which makes it a suitable candidate for 
m6A modification. Hence, an experiment was carried out in Saccharomyces cerevisiae to see 
the effects of deletions of m6A binding proteins, IME4 and PHO92, on the expression of 
Pho5.It was expected that Pho5 expression would be more in mutants than in wild type. The 
expected results are shown in Figure 2. Inactivity of either Ime4 or Pho92 represses 
methylation of mRNA and subsequent degradation. Protein expression is proportional to 
mRNA expression. 
Attempts to interpret the change in PHO5 expression by only IME4 and PHO92 
deletion is confounded by Pho4, which provides an extra layer for PHO5 regulation. Pho4 is a 
transcription factor for PHO5 and other genes in the PHO regulon. Thus, in Δpho92 cells, 
increased Pho4 proteins can bind to PHO5 promoter and regulate its transcription. A promoter 
swap experiment was designed to separate the effects of differential transcription from post-
transcriptional processes such as RNA stabilization and translation. The ADH1 promoter, 
which is known to be non-dependent on Pho4, replaced the promoter for PHO5 in a plasmid. 
This way, Pho4 or phosphate starvation does not regulate PHO5 expression in the plasmid. In 
haploid cells, the levels of PHO5 mRNA and proteins were elevated in all the mutants because 
of lack of methylation or possible decay of methylated mRNAs (Ghimire 2015).  
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Strain Methylation by writer 
Degradation by 
reader 
mRNA or protein 
expression 
Wild Type Yes Yes normal 
Δime4 Writer absent No substrate for reader increased 
Δpho92 Yes Reader absent increased 
Δime4 Δpho92 Writer absent Reader absent increased 
Figure 2: Predictions of PHO5 mRNA and protein expression when “writers” and “readers” 
are             deleted. 
 
Understanding the high prevalence of methylation towards 3’UTR of mRNA, we 
steered our study towards the potential methyl sites in the 3’end of the PHO5 mRNA, where a 
few probable m6A site are present. There is one m6A consensus site about 42 bp before stop 
codon, which also takes part in a secondary structure of the mRNA (Appendix II). Even after 
introducing point mutations in the potential m6A region, mFold predicted that the secondary 
structure was still stable. Thus, we focused our research more towards the 3’UTR. The 
experiments used the same plasmids by Jenisha Ghimire to prevent interference from Pho4. 
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Materials and Methods 
Growth and transformation of Escherichia Coli 
 XL1 Blue strain of competent E. coli sub-cloning cells from Agilent Technologies were 
used for plasmid propagation. The cells were transformed using the protocol provided along 
with the competent cells. The growth media contained Luria Broth (LB; 1% Bacto Tryptone, 
0.5% Yeast Extract and 0.5% NaCl, pH 7.5) as nutrients and ampicillin (100 μg/ml) as the 
selection marker for the transformation media. E. coli cells were grown in this media at 37◦C. 
Similarly, the plates for streaking and storage of cells contained the same recipe plus 1.5% 
agar. After transformation, plasmids were isolated from small aliquots(1-5mL) of cultures that 
were grown overnight in a 37◦C incubator using Agilent Stratagene Plasmid Miniprep kits. The 
isolated plasmids were digested by restriction enzymes (obtained from Promega and New 
England Biolabs) and fractionated on 0.8% agarose gel (with 1X TBE buffer) electrophoresis 
for evaluation.  
Growth and transformation of Saccharomyces cerevisiae 
Different media were used for different strains of S. cerevisiae. For non-selective 
growth, Yeast Extract Peptone Dextrose (YEPD; Yeast Extract (0.01 g/ml), peptone (0.02 
g/ml), dextrose (0.02 g/ml)) was used. YEPD plates with G148 were used for selection of 
strains with the kanamycin resistance. Synthetic Complete Casamino Acids (SC Casamino 
Acids, Yeast Nitrogen Base (YNB) without amino acids (6.7 mg/ml), dextrose (20 mg/ml), 
casamino acids (10 mg/ml), adenine (40 ug/ml)) was used to select strains with uracil synthesis 
mechanism. 2% agar was added to the media to make all plates. The LioAC/single stranded 
carrier DNA/PEG method was used for transformation, except that DMSO was not used and 
heat shock was shortened from 40 minutes to 15 minutes (Ito et al. 1983; Gietz et al. 2007). 
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Construction of PHO5 inserts 
 Five different PHO5 inserts were made using correct sets of primers (Figure 4). All the 
inserts contained the 3’UTR and the part of PHO5 ORF that contained the potential methyl 
site. Going down in the figure, the inserts are subsets of their upper inserts. The last two inserts 
have a point mutation in the potential methylation site as shown. 
PHO5(ORF+483bp 
 3’sequence) 
 
PHO5(ORF (1309-1404) + 246bp 3'sequence) 
PHO5(ORF (1351-1404) + 246bp 3'sequence) 
PHO5(ORF (1351-1404),1361A->G + 246bp 3'sequence) 
PHO5(ORF (1309-1404), 1362C->T + 246bp 3'sequence) 
 
Figure 3:  PHO5 inserts design. White box (PHO5 ORF), redbox (3’UTR) and blue dotted line 
(a potential methyl site). (diagram not to scale) 
Construction of pADH1-GFP-PHO5 
 pRS416 ADH1-GFP vector was obtained from Z. Liu (Figure 4). The vector consisted 
of ampR(ampicillin resistance gene) and URA3  to select desired E. coli and S. cerevisiae 
transformants respectively. BamHI and XhoI restriction sites were used to insert the full PHO5 
gene and/or 3’ UTR in the vector. ARS4 (autonomous replication sequence 4) and CEN6 
(Centromere 6) ensure that the plasmid maintains a single copy in all cells during replication 
of yeast cells. The ADH1 promoter promotes the transcription of fused GFP and PHO5 to give 
PHO5 ORF  
 
 
 
 
        GAC GAT       

GAC 
        GACGGC       
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a final plasmid pADH1-GFP-PHO5.   
Figure 4: pRS416 ADH1-GFP-PHO5 (ORF +3’UTR) 
pRS416 ADH-GFP -PHO5 plasmids were obtained from J. Ghimire. These plasmids 
were used as a source for both vector and insert for new plasmids. PCR (polymerase chain 
reaction) was performed on the plasmid to amplify the selected portion of the PHO5 gene and 
its 3’ UTR for different inserts. Hercules II Fusion DNA Polymerase enzyme and 5X Hercules 
II Reaction Buffer from Agilent Technologies, along with nucleotide mix from Promega, were 
used for high accuracy PCR. StrataPrep PCR Purification Kit from Agilent Technologies was 
used to purify the PCR products from primers, enzymes, buffer and nucleotides. After 
purification, the PCR products were digested with restriction enzymes BamHI and XhoI 
(Promega). The digested products were separated by agarose gel electrophoresis with Tris-
acetate-EDTA. The digested bands were cut from the gel and purified with QIAquick Gel 
Extraction Kit from QIAGEN (protocol. The plasmid was cut with same restriction enzymes 
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and gel purified to obtain the vector. The vector and the insert were ligated at room temperature 
overnight using T4 DNA ligase and 10X buffer (BioLabs). The plasmids were transformed 
into E. coli and plasmids isolated by miniprep. The miniprep products were digested with the 
same enzymes to identify molecules containing the desired inserts. The inserts were also 
verified by sequencing to ensure no mutation was introduced. 
Total Cell Extraction for Western Blot 
The “quick-kill” method was used to extract proteins from wild type (BY 4741), Δime4, 
Δpho92 and Δime4Δpho92 cells. The cells were grown overnight in 5 mls of SC casamino 
acids. Their ODs were measured at 600 nm to ensure they were typically around 0.9 - 1.3. To 
160 ul of βME-NAOH (740 µL water, 74 µL βME, 185 µL 10 N NaOH), 1 mL of culture was 
added, mixed and incubated on ice for 10 minutes. Then 82 µL of 100% trichloroacetic acid 
(100% TCA) was added, mixed and incubated on ice for another 10 minutes. After incubation, 
the mixture was centrifuged at 17749 g (14000 rpm in Eppendorf microfuge tube) for five 
minutes, and then supernatant was removed. To re-suspend the precipitate, we added 50 µL of 
SDS loading dye (50 µL of 2x Laemmli Buffer, 1 ul βME, 6 ul unbuffered Tris and 50 µL 
water). If needed, 1 ul of unbuffered Tris was added stepwise until the color changed to blue. 
The samples were boiled at 95◦C for 3 minutes prior to fractionation on SDS-polyacrylamide 
gels. Some samples were stored at -20oC before use. 
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SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Western Blot  
Total cell extracts were fractionated by SDS-PAGE using Mini-PROTEAN TGX Stain-
free gels (Bio-Rad). 10 ul of cell extracts were added to the wells and the separation was carried 
out at 200V in a 1X SDS running buffer (25 mM Trizma Base, 200 mM glycine, 0.1% SDS, 
pH 8.3) until the dye front reached the bottom marking of the gel. The gels were prepared for 
transfer as recommended by the supplier. They were activated in ChemiDoc MP Imaging 
system. The proteins were then transferred to nitrocellulose membrane (Trans-Blot Turbo 
nitrocellulose starter kit) using Trans-Blot Turbo Transfer System at 25V and 2.5A for 5 
minutes. After complete transfer, an image of the total lane proteins in the blot was taken. The 
membrane was washed in 1X PBS-Tween (11.5 g/L Na2HPO4, 172.96 g/L Na2HPO4 
(monobasic), 5.84 g/L NaCl, 0.1% Tween; pH 7.5) twice for 5 minutes. The membrane was 
then kept in blocking buffer (5 g nonfat dry milk, 0.1 mL Tween, 100 mL 1xPBS) twice for 15 
minutes. The membrane was washed in 1X PBS-Tween for 5 minutes. The membrane was then 
incubated overnight in 1X PBS-Tween with 1:1000 of mouse monoclonal primary antibody 
against GFP (SantaCruz Technologies). After incubation, the membrane was washed in 
1XPBS-Tween six times for 5 minutes to wash away unbound primary antibodies. Secondary 
antibody (HRP coated goat anti-mouse IgG) was diluted 1:1000 and used to incubate the 
membrane for an hour.  The membrane was again washed in 1xPBS-Tween thrice for 10 
minutes. GFP proteins on the membranes were then detected using Clarity Western ECL 
Substrate from Bio-Rad. An equal volume of each of the two solutions provided were mixed 
in dark and spread on the protein side of the membrane for 4 minutes. Excess reagent was 
drained and the GFP-Pho5 were detected by chemiluminescence. The signal was normalized 
and quantified to depict Pho5 expression. 
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Signal quantification for Western Blots 
Before proceeding to the experiments, we fractionated 2x serial dilutions of protein 
extracts from BY4741 cells on SDS polyacrylamide gel, transferred it to nitrocellulose paper, 
and measured their expression using GFP signal (Figure 5). This was done to ensure that the 
western blot assay is linear through the range of signal intensities expected in these 
experiments. 
Figure 5: Two-fold serial dilutions of a protein sample.   
GFP signal(top). Total lane protein (low) 
 
When the concentration of sample is halved, so does the concentration of GFP; 
however, the ratio of GFP to total protein is always constant. So, constant signal for GFP is 
expected after normalization. In figure 5, the normalized volume looks constant until 1/8 
relative concentration, but not in any lower concentrations. At lower concentrations, 
background noise can overwhelmingly affect the reading. Hence, we ensured that the protein 
concentration of the experimental samples was within this linear range.  
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Primer design 
All the primers for PCR amplification of insert were designed and ordered from 
Integrated DNA Technologies (IDT). Sterile ddH20 was added to bring the final concentration 
of primers to 100 µM. Precautions were taken to design efficient primers. Primer3Plus and 
MFold software were used for good primer pair selection; the primers were checked for 
conformity, and lack of unwanted hairpins and complementarity within individual primers or 
between primer sets. The primers were also BLASTed (Basic Local Alignment Sequence Tool) 
to the Saccharomyces database (www.yeastgenome.org) to ensure they did not amplify non-
specific regions. 
To introduce a point mutation in the insert, the mutation was included in the primers 
and used for PCR. Also, separate primer pairs were used to make and confirm deletion mutants. 
All the primers used in the experiment are listed (Table 1-3): 
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Amplified gene 
region Primer name Forward Primer   
Reverse Primer  
 
Δime4:HIS3 IME4 KO 
5’ TTC GTG CTT 
GTG AAA CTT 
GTT 3’ 
 
5’ TCC GGG TAA 
TAA ATT GTT 
CCA 3’ 
 
Δpho92:kanMX PHO92 KO 
5’ CGA AAA TAG 
ACA CGA AAT 
CGC 3’ 
 
5’ AAC GCC CGA 
AAT GAG GGT 
AAA 3’ 
 
Table 1: Primers for deletion 
 
Confirmed gene 
region Primer name 
Forward Primer 
Sequence 
Reverse Primer 
Sequence 
Δime4:HIS3 IME4 KO 
 5’ TTC GTG CTT 
GTG AAA CTT GTT 
3’ 
 
5’ TCC GGG TAA 
TAA ATT GTT CCA 
3’ 
 
Δime4:HIS3 IME4-HIS 
5’ TTC GTG CTT 
GTG AAA CTT GTT 
3’ 
 
Generously provided 
by Dr. Zhengchang 
Liu 
Δpho92:kanMX A’-KanB 
5’ CCC CTT CAT 
TGA CTA TCC 
AGA 3’ 
 
5’ CTG CAG CGA 
GGA GCC GTA AT 
3’ 
 
Δpho92:kanMX KanC-D’ 
 5’ TGA TTT TGA 
TGA CGA GCG 
TAA T 3’ 
 
5’ CCA GAG GAA 
CTT TGG AGG 
AAA3’ 
 
Δpho92:kanMX A’-Pho92reverse 
again 
5’ CCC CTT CAT 
TGA CTA TCC 
AGA 3’ 
 
5’ GCC AAC TAG 
CTA GGG AAG 
ATT 3’ 
 
Table 2: Primers for Deletion confirmation 
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Insert Forward Primer Sequence 
Reverse Primer 
Sequence 
 
Amplicon 
size(bp) 
PHO5(ORF+483bp 
3’sequence) 
 
5’GTC AGG ATC 
CAT GTT TAA ATC 
TGT TGT TTA TTC 
AAT TTT AGC 3’ 
 
5’ GTC ACT CGA 
GCA GCG GCT AGA 
ACC GAA 3’ 
 
1886 
PHO5(ORF (1309-
1404) + 246bp 
3'sequence) 
 
5’ AAA CGG ATC 
CGT CTG TAA CGT 
CAG CAG CGT C 3’ 
 
5’ AAA TCT CGA 
GTG CGA TGC CAG 
TTC TTT GAG 3’ 
 
342 
PHO5(ORF (1351-
1404) + 246bp 
3'sequence) 
 
5’ AAA TGG ATC 
CTT CTA CTG GGA 
CTG GAA CAC TAC 
TCA TTA C 3’ 
 
5’ AAA TCT CGA 
GTG CGA TGC CAG 
TTC TTT GAG 3’ 
 
300 
PHO5(ORF (1351-
1404),1361A->G + 
246bp 3'sequence) 
 
5’ AAA TGG ATC 
CTT CTA CTG GGG 
CTG GAA CAC TAC 
TCA TTA C 3’  
 
5’ AAA TCT CGA 
GTG CGA TGC CAG 
TTC TTT GAG 3’ 
 
300 
PHO5(ORF (1309-
1404), 1362C->T + 
246bp 3'sequence) 
 
5’ AAA TGG ATC 
CTT CTA CTG GGA 
TTG GAA CAC TAC 
TCA TTA C 3’ 
 
5’ AAA TCT CGA 
GTG CGA TGC CAG 
TTC TTT GAG 3’ 
 
300 
Table 3: Primers for PHO5 insert 
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Results 
 In S. cerevisiae, there was an increase in PHO5 expression in Δime4, Δpho92 
and Δime4Δpho92 strains (Ghimire 2015), which was attributed to the m6A modification in 
PHO5. In yeast cells, methylation usually occurs towards the 3’end of the ORF (Schwartz et 
al 2013). In PHO5, the potential consensus site at co-ordinate 1361 was the only site predicted 
with high confidence to be involved in methylation. Hence, there is a good reason to believe 
that 1361A is methylated. We wanted to test the hypothesis that region spanning sequence 
immediately upstream of the stop codon and 3’UTR is sufficient for upregulating Pho5 in 
response to Δime4, Δpho92 and Δime4Δpho92 deletions. 
Construction of Plasmids 
First, the five necessary PHO5(ORF+ 3’sequence) inserts were made using specific 
primers (Materials and Methods). After transformations of plasmids into Escherichia coli, they 
were tested for the presence of the desired inserts. The initial test was to confirm that the inserts 
were of correct sizes. Plasmids were obtained by miniprep of transformed E. coli and then 
digested with enzymes at BamHI and XhoI restriction sites. This yielded a linear vector and the 
inserts, which were run on agarose gel for confirmation (Figure 6). As expected, the plasmids 
yielded inserts of the expected sizes (around 1900bp, 350 bp, and 300bps in order). The 
relatively larger upper bands belong to the linearized vector. 
Second, the inserts were sequenced for more thorough testing. The sequencing verified 
that the coding region of GFP was in frame with PHO5 ORF in all cases. 
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Preliminary experiments and discussion 
After successfully making the plasmids, we conducted few preliminary experimental 
trials. We transformed BY4741, Δime4, Δpho92 and Δime4 Δpho92 cells with the plasmids 
and looked at the expression of GFP-Pho5. Some results were irreproducible even in similar 
strains. One of them was the expression of GFP-Pho5 in Δime4:HIS3 and Δime4:kanMX. 
Although these two strains were functionally Δime4, one showed an increase while the other a 
decrease in GFP-Pho5 expression. We believe such changes were because of some random 
mutations in the background. Hence, we made a new batch of all the deletion mutants to ensure 
uniform background. 
 
 
 
Figure 6: PHO5(ORF+3’ sequences) 
1 2 3 4 5 6 
Lane 1: ladder 
Lane 2: PHO5(ORF+483bp 3’sequence) 
Lane 3: PHO5(ORF (1309-1404) + 246bp 3'sequence) 
Lane 4: PHO5(ORF (1351-1404) + 246bp 3'sequence) 
Lane 5: PHO5(ORF (1351-1404),1361A->G + 246bp 
3'sequence) 
Lane 6: PHO5(ORF (1309-1404), 1362C->T + 246bp 
3'sequence) 
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Reconstruction of deletion mutants 
Saccharomyces cerevisiae BY4741(wild type) strain was used in all the experiments to 
introduce three unique mutations, Δime4:HIS3,  Δpho92:kanMX and  
Δime4:HIS3Δpho92:kanMX.  In Δime4:HIS3, HIS3 renders Ime4 non-functional because of 
insertion into a BamHI site in  the ORF of IME4 (Figure 7). Δpho92:kanMX also looks the 
same as in figure 7; however, kanMX is inserted in after deleting a part of   PHO92 ORF. 
Δime4:HIS3Δpho92:kanMX strain contains both the deletions. 
  
 
 
 
 
Figure 7:  Δime4:HIS3 mutants  
We used existing deletion strains to amplify the region spanning the deletions. Using 
correct primer sets IME4 KO and PHO92 KO, Δime4:HIS3 and Δpho92:kanMX each were 
amplified and transformed into the BY4741 strain. SCAA His- plates (SCAA plates with no 
histidine) were used to select Δime4:HIS3 and  YEPD+G148 plates (YEPD plates with G148 
drugs) were used to select Δpho92:kanMX respectively. Colonies were chosen to confirm 
whether the deletions were successful using primers IME4 KO and IME4-HIS(Figure 8). IME4 
KO spans the whole IME4 region in both wild type and Δime4:HIS3; the amplicon is larger in 
the mutant as compared to WT(Figure 9a). The bands from colonies 1-8 are fainter because 
PCRs are relatively less successful with such large amplicons. Similarly, primer set IME4-HIS 
HIS3 
IME4 
∆ime4:HIS3 
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amplifies only in the mutant because the wild type does not have HIS3 within IME4 (Figure 
9b). So, colonies 1-8 tested positive for the IME4 deletion and insertion of HIS3. 
 
Figure 8: Primers used for confirmation of correct deletions. IME4 KO amplify the region 
spanning from the start of the IME4 ORF to its end. IME4-HIS primers amplify the junction 
between IME4 and HIS3 
 
 
 
 
 
 
Finally, Δpho92:kanMX amplicons from PCR were transformed into BY4741 WT 
strain to produce Δpho92:kanMX  strains, whereas Δpho92:kanMX amplicons from PCR were 
transformed into  yeast strains carrying Δime4:HIS3 to produce Δime4:HIS3Δpho92:kanMX 
IME4 
Δime4:HIS3  
IME4 K0 IME4 KO 
HIS 
WT         (1-8)                  WT        (1-8) 
IME4 KO IME4 KO 
IME4  
Figure 9: IME4 Deletion 
confirmation of BY4741 and 1-8 
colonies  
a. IME4 KO primers(left)   
b. IME4-HIS primers(right) 
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double mutant strains. YEPD+G148 plates were used for selection. Both the Δpho92:kanMX 
single mutant strain and the double mutant strain colonies were tested for deletion using primer 
sets  A’-KanB, KanC-D’  and A’-Pho92reverse again(Figure 10). 
 
 
 
 
 
 
Figure 10: Confirmation primers for PHO92 deletion. A’- PHO92reverseagain amplify the 
region spanning from the start of the PHO92 ORF to its end. A’KanB and KanCD’ primers 
amplify the junction between PHO92 and kanMX 
 
 
In wild type strains, A’-KanB or KanC-D’ primer sets do not amplify at all; however, 
Δpho92:kanMX (including double mutant strains) amplify in that region. When A’ and Pho92 
reverse again are used, BY4741 amplifies a smaller fragment as compared to all mutants. The 
colonies in Figure 11 represent successful deletions. These four lines of cells were maintained 
and used for all the experiments.  
 
PHO92up                                                   PHO92dn kanMX 
A
 
PHO92reverse again 
KanB 
KanC D’ 
PHO92 
A
 
PHO92reverse again 
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W
T 
1 2 3 4 5 6   W
T 
1 2 3 4 5 6    W
T 
1 2 3 4 5 6  
Figure 11: PHO92 deletion confirmation of BY4741(1), Δpho92:kanMX  (1-4), double (5-
6) using primers A’-KanB(left), kanC D’(center) and A’-PHO92reverse again (right) 
Lanes(1-4) : Δpho92:kanMX  
Lanes  (5-6) : Δime4:HIS3Δpho92:kanMX  
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Expression of GFP-Pho5(ORF+483bp 3’sequence) 
  ADH1-GFP-PHO5(ORF+483bp 3’sequence) plasmids included the full PHO5 ORF 
and the 3’UTR. In the current study, we looked at the expression of GFP-Pho5(ORF+483bp 
3’sequence) in BY4741, Δime4, Δpho92 and Δime4Δpho92 strains. We repeated this 
experiment with very similar results to Ghimire 2015; Δpho92 and Δime4Δpho92 mutants 
expressed more GFP-Pho5 than BY4741 (wild type) (Figure 12); however, there was no 
significant difference between wild type and Δime4 mutants (Figure 12). The two columns for 
each strain mean two different protein extracts from the same batch of cells. 
  
Figure 12: Relative expression of GFP-Pho5(ORF+483bp 3’sequence ) 
WT= wild type, I = Δime4, P = Δpho92 and IP = Δime4Δpho92 
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Expression of GFP-Pho5(ORF (1309-1404) + 246bp 3'sequence) 
ADH1-GFP-PHO5(ORF (1309-1404) + 246bp 3'sequence) plasmid was designed to 
assess if the 3’ region of PHO5, which includes potential methyl site, was responsible for the 
upregulation of GFP-PHO5 expression that we observed using the full-length gene (Ghimire 
2015). This experiment tests the hypothesis that this region is sufficient to confer the regulation 
exerted by Ime4 and Pho92. In case this region was sufficient, we expected a comparable 
increase in GFP-Pho5(ORF 1309-1404) expression in mutants as seen in ADH1-GFP-
PHO5(ORF+483bp 3’sequence); however, there was no significant difference in GFP-
Pho5(ORF 1309-1404) expression between wild type and mutant strains (Figure 13).  
 
Figure 13: Relative expression of GFP-Pho5(ORF (1309-1404) + 246bp 3'sequence) 
 In the experiments, Δime4 had no effects in GFP-Pho5 expression in contrast to 
previous results (Ghimire 2015). Unlike Jenisha Ghimire’s experiments, where the cells used 
were later in exponential phase, the cells we used were in mid-log growth phase. This growth 
condition ensured that the cells were dividing mitotically and under no stress. Furthermore, 
Ime4 is highly active in cells undergoing meiosis. Hence, we did not possibly see the effects 
of the methylation in our experiment because Ime4 was not highly active in the growing 
conditions we used. However, functional methyl sites within ORFs are very rare or non-
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existent in yeast cells (Schwartz et al. 2013). The 3’ end is where methylation sites usually are 
and the potential methyl site in PHO5 3’ end is still a strong candidate. Using the same plasmids 
in sporulating cell conditions, the effects of methylation should present themselves.  
However, there is a definite increase in Pho5 expression in Δpho92 cells when the 
whole gene is present but not when most of PHO5 ORF is cut out. We conclude that the 
sequence in PHO5(ORF (1309-1404) + 246bp 3'sequence) is not sufficient for the increase in 
Pho5 expression in Δpho92 cells under the conditions we used: vegetatively growing haploid 
S. cerevisiae cells in glucose media. Since the increase in full Pho5 with Δpho92 is likely not 
dependent on methylation, there is a high chance that Pho92 uses an alternative pathway for 
mRNA degradation; in PHO5, the site of action for such pathway requires PHO5 ORF. This 
result is unexpected because YTH domain proteins usually bind to 3’ UTR of mRNAs, not the 
ORF, as their site of action, Pho92 regulates PHO4 mRNA by binding to its 3’ UTR (Kang et 
al. 2014). But, from our experiments, we concluded that Pho92 needs PHO5 ORF to promote 
its degradation. 
Expression of GFP-Pho5 in other inserts 
The three more plasmids with PHO5(ORF (1351-1404) + 246bp 3'sequence), 
PHO5(ORF (1351-1404),1361A->G + 246bp 3'sequence), PHO5(ORF (1309-1404), 1362C-
>T + 246bp 3'sequence) were made to test the efficacy of the potential methylation sites when 
point mutation was introduced in that site. However, since the methylation was not effective 
in the growing condition we used, we used the plasmids to check if they produced results that 
were consistent for Pho92 activity in non-sporulating conditions. 
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Figure 14: Relative expression of other inserts 
A. GFP- PHO55(ORF (1351-1404) + 246bp 3'sequence) 
B. GFP-PHO5(ORF (1351-1404),1361A->G + 246bp 3'sequence) 
C. GFP-PHO5(ORF (1309-1404), 1362C->T + 246bp 3'sequence 
 
 
  
0
10000000
20000000
30000000
40000000
50000000
60000000
70000000
80000000
Wild Type Δime4 Δpho92 Δime4Δpho92
GF
P-
Ph
o5
 E
xp
re
ss
io
n
A. GFP-Pho5 Expression
0
10000000
20000000
30000000
40000000
50000000
60000000
Wild Type Δime4 Δpho92 Δime4Δpho92
GF
P-
Ph
o5
 E
xp
re
ss
io
n
B. GFP-Pho5 Expression
0
20000000
40000000
60000000
80000000
100000000
120000000
140000000
Wild Type Δime4 Δpho92 Δime4Δpho92
GF
P-
Ph
o5
 E
xp
re
ss
io
n
C. GFP-Pho5 Expression
 25 
The results (Figure 14B and 14C) did not show any change in GFP-Pho5 expression 
between wild type and the mutant strains. This was consistent with what we saw with ADH1-
GFP-PHO5(ORF (1309-1404) + 246bp 3'sequence) plasmids. This reiterates the idea that 3’ 
region spanning these inserts is not enough for the changes caused by Δpho92 deletion. 
ADH1-GFP-PHO5(ORF (1351-1404) + 246bp 3'sequence) inserts produced an 
unusual result (Figure 14A). However, this result was irreproducible; we never saw a change 
in GFP-Pho5 expression in Δime4 strains. Owing to this inconsistency, we do not consider this 
result in our discussion. 
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Discussion 
In yeast Saccharomyces cerevisiae, the methyltransferase Ime4 expression is highly 
upregulated during meiosis. This protein is catalytically active in promoting m6A methylation 
in different transcripts. The “reader” Pho92, in conjunction with Ime4, binds to the methylated 
RNAs and promote their degradation. Hence, methylation is a crucial process in cells 
undergoing meiosis. 
However, all the experiments we performed were in haploid cells undergoing 
vegetative growth. This was distinctively different from most of the experiments done in other 
research laboratories; other research labs have been characterizing methylation undergoing 
meiosis or after rapamycin treatment because Ime4 is highly active in such conditions. We did 
our experiments in the haploid cells under vegetative growth in glucose medium because 
Δpho92 showed an increase of PHO4 expression in similar growing conditions (Kang et al. 
2014). 
The increase in GFP- Pho5 expression with ADH1-GFP-PHO5(ORF (1309-1404) + 
246bp 3'sequence) plasmid but not with other plasmids in Δpho92 cells certainly indicate that 
Pho92 plays a role in mRNA degradation by recognizing some sites in the PHO5 ORF; the 
binding site for this change is not in the 3’ region or it is not sufficient. Also, the lack of Ime4 
activity indicates a methylation-independent alternative pathway for Pho92 activity. In similar 
growing conditions, Pho92 promoted PHO4 mRNA degradation by binding to its 3’UTR 
 27 
region (Kang et al. 2014). However, PHO4 does not have any consensus methyl sites in PHO4 
3’UTR. Kang et al. did not link methylation to Pho92’s activity. Hence, it is plausible that 
Pho92 has an extra layer of m6A-independent activity that regulate transcripts, like PHO4 and 
PHO5, even in non-sporulating conditions. 
Furthermore, in general, YTH proteins have a methyl binding pocket and binds to 
methylated RNAs. A different mechanism by YTH binding proteins is not uncommon, though. 
The S. pombe YTH protein Mmi1 is one such example. This protein has a methyl binding 
pocket, but it binds RNA using a different surface. Mmi1 binds to a “DSR” ( determinant of 
selective removal) element in meiotic RNAs. Binding leads to their destruction. The DSR is 
an RNA sequence element found in meiotic RNA (Wang et al. 2015). It is possible Pho92 has 
similar surface that promotes degradation of RNAs. This extra layer in Pho92 activity may 
regulate PHO4 and PHO5 in non-sporulating conditions. 
Apart from being regulated by Pho92 by an alternative pathway, PHO5 transcripts may 
also be regulated by methylation. The consensus methyl sequence towards the 3’ end of PHO5 
ORF is still the strongest candidate for m6A modification. Following the same experimental 
procedure but with diploid cells in sporulating growth conditions, we can examine the role of 
Δime4, Δpho92 and Δime4 Δpho92 deletions in regulating PHO5. The plasmids we created 
can be used to see focus the study towards the consensus methyl site near stop codon of PHO5. 
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Conclusion 
We tested the hypothesis that 3’ region of PHO5 is responsible for upregulation of Pho5 
in Δime4 and Δpho92 S. cerevisiae cells. The results were inconclusive with IME4 deletions 
for the most likely reason of the inactivity of methylation and Ime4 in the growing conditions 
we used. With PHO92 deletions, we confirmed that the 3’ region alone is not sufficient for the 
upregulation of Pho5; Ph092 requires PHO5 ORF to promote the mRNA degradation. 
In addition to its role in m6A RNAs, we suggest that Pho92 is also active in non-
sporulating cell growth condition. Pho92 provides an extra layer of PHO5 regulation by 
recognizing sites in the PHO5 ORF. These regulation mechanism does not require m6A 
modification. We suggest that Pho92 uses an alternative pathway like Mmi1 of S. pombe to 
downregulate PHO5 transcripts; it uses a different catalytic site to bind and degrade PHO5 
transcripts. We also believe that a similar mechanism may be responsible for upregulation of 
PHO4 transcripts in Δpho92 strains. Unlike PHO4, however, PHO5 also requires its ORF to 
be recognized by Pho92. 
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Supplemental materials 
Appendix I 
 
PHO5 inserts in the plasmid. Possible methylation sites are in bold. 3’UTR of mRNA are 
italicized 
 
11-1 
 
ATGTTTAAATCTGTTGTTTATTCAATTTTAGCCGCTTCTTTGGCCAATGCAGGTACCATTCC
CTTAGGCAAACTAGCCGATGTCGACAAGATTGGTACCCAAAAAGATATCTTCCCATTTTTGG
GTGGTGCCGGACCATACTACTCTTTCCCTGGCGACTATGGTATTTCTCGTGATTTGCCTGAA
GGTTGTGAAATGAAGCAACTGCAAATGGTTGGTAGACATGGTGAAAGATACCCTACTGTCAG
TCTGGCTAAGACTATCAAGAGTACATGGTATAAGTTGAGCAATTACACTCGTCAATTCAACG
GCTCATTGTCATTCTTGAACGATGATTACGAGTTTTTCATCCGTGATGACGATGATTTGGAA
ATGGAAACCACTTTTGCCAACTCGGACGATGTTTTGAACCCATACACTGGTGAAATGAACGC
CAAGAGACATGCTCGTGACTTCTTGGCTCAATACGGTTACATGGTCGAAAACCAAACCAGTT
TCGCCGTTTTTACCTCTAATTCTAAGAGATGTCATGACACTGCTCAATATTTCATTGATGGT
TTAGGTGACCAATTCAACATCACCTTGCAGACTGTCAGTGAAGCTGAATCCGCTGGTGCCAA
CACTTTGAGTGCTTGTAACTCATGTCCTGCTTGGGACTACGATGCCAATGATGACATTGTAA
ATGAATACGACACAACCTACTTGGATGACATTGCCAAGAGATTGAACAAGGAAAACAAGGGT
TTGAACTTGACCTCAACTGACGCTAGTACTTTATTCTCGTGGTGTGCATTTGAAGTGAACGC
TAAAGGTTACAGTGATGTCTGTGATATTTTCACCAAGGATGAATTAGTCCATTACTCCTACT
ACCAAGACTTGCACACTTATTACCATGAGGGTCCAGGTTACGACATTATCAAGTCTGTCGGT
TCCAACTTGTTCAATGCCTCAGTCAAATTATTAAAGCAAAGTGAGATTCAAGACCAAAAGGT
TTGGTTGAGTTTTACCCACGATACCGATATCCTAAACTTTTTGACCACCGCTGGTATAATTG
ACGACAAAAACAACTTAACTGCCGAATACGTTCCATTCATGGGCAACACTTTCCACAGATCC
TGGTACGTTCCTCAAGGTGCTCGTGTCTACACCGAAAAATTCCAATGTTCTAACGACACCTA
CGTCAGATACGTCATTAACGATGCTGTTGTTCCAATTGAAACCTGTTCCACTGGTCCAGGGT
TCTCTTGTGAAATCAATGACTTCTACGACTATGCTGAAAAGAGAGTAGCCGGTACTGACTTC
CTAAAGGTCTGTAACGTCAGCAGCGTCAGTAACTCTACTGAATTGACCTTCTACTGGGACTG
GAACACTACTCATTACAACGCCAGTCTATTGAGACAATAGTTTTGTATAACTAAATAATATT
GGAAACTAAATACGAATACCCAAATTTTTTATCTAAATTTTGCCGAAAGATTAAAATCTGCA
GAGATATCCGAAACAGGTAAATGGATGTTTCAATCCCTGTAGTCAGTCAGGAACCCATATTA
TATTACAGTATTAGTCGCCGCTTAGGCACGCCTTTAATTAGCAAAATCAAACCTTAAGTGCA
TATGCCGTATAAGGGAAACTCAAAGAACTGGCATCGCAAAAATGAAAAAAAGGAAGAGTGAA
AAAAAAAAAATTCAAAAGAAATTTACTAAATAATACCAGTTTGGGAAATAGTAAACAGCTTT
GAGTAGTCCTATGCAACATATATAAGTGCTTAAATTTGCTGGATGGAAGTCAATTATGCCTT
GATTATCATAAAAAAAATACTACAGTAAAGAAAGGGCCATTCCAAATTACCTATGTTTAAGT
CTGTTGTTTATTCGGTTCTAGCCGCTG 
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Appendix I 
R1-5 
GTCTGTAACGTCAGCAGCGTCAGTAACTCTACTGAATTGACCTTCTACTGGGACTGGAACAC
TACTCATTACAACGCCAGTCTATTGAGACAATAGTTTTGTATAACTAAATAATATTGGAAAC
TAAATACGAATACCCAAATTTTTTATCTAAATTTTGCCGAAAGATTAAAATCTGCAGAGATA
TCCGAAACAGGTAAATGGATGTTTCAATCCCTGTAGTCAGTCAGGAACCCATATTATATTAC
AGTATTAGTCGCCGCTTAGGCACGCCTTTAATTAGCAAAATCAAACCTTAAGTGCATATGCC
GTATAAGGGAAACTCAAAGAACTGGCATCGCA 
 
1K-4 
TTCTACTGGGACTGGAACACTACTCATTACAACGCCAGTCTATTGAGACAATAGTTTTGTAT
AACTAAATAATATTGGAAACTAAATACGAATACCCAAATTTTTTATCTAAATTTTGCCGAAA
GATTAAAATCTGCAGAGATATCCGAAACAGGTAAATGGATGTTTCAATCCCTGTAGTCAGTC
AGGAACCCATATTATATTACAGTATTAGTCGCCGCTTAGGCACGCCTTTAATTAGCAAAATC
AAACCTTAAGTGCATATGCCGTATAAGGGAAACTCAAAGAACTGGCATCGCA 
 
2K-6 
TTCTACTGGGG*CTGGAACACTACTCATTACAACGCCAGTCTATTGAGACAATAGTTTTGTA
TAACTAAATAATATTGGAAACTAAATACGAATACCCAAATTTTTTATCTAAATTTTGCCGAA
AGATTAAAATCTGCAGAGATATCCGAAACAGGTAAATGGATGTTTCAATCCCTGTAGTCAGT
CAGGAACCCATATTATATTACAGTATTAGTCGCCGCTTAGGCACGCCTTTAATTAGCAAAAT
CAAACCTTAAGTGCATATGCCGTATAAGGGAAACTCAAAGAACTGGCATCGCA 
 
3K-4 
TTCTACTGGGAT*TGGAACACTACTCATTACAACGCCAGTCTATTGAGACAATAGTTTTGTA
TAACTAAATAATATTGGAAACTAAATACGAATACCCAAATTTTTTATCTAAATTTTGCCGAA
AGATTAAAATCTGCAGAGATATCCGAAACAGGTAAATGGATGTTTCAATCCCTGTAGTCAGT
CAGGAACCCATATTATATTACAGTATTAGTCGCCGCTTAGGCACGCCTTTAATTAGCAAAAT
CAAACCTTAAGTGCATATGCCGTATAAGGGAAACTCAAAGAACTGGCATCGCA 
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Appendix II 
Secondary structures of PHO5 as predicted by MFold. The 3’ methyl site is highlighted in 
yellow. 
 
• PHO5(ORF (1351-1404) + 3’UTR) 
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Appendix II 
• PHO5(ORF (1351-1404),1361A->G + 3’UTR) 
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• PHO5(ORF (1351-1404),1361C->T +3’UTR)  
